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A study of the gamma rays of Pb” from the decay of Bi” 


by the method of external conversion in uranium 
By Traomir Novakov,' SOLVE HULTBERG and Bircir ANDERSSON 


With 6 figures in the text 


Introduction 


The PbS nucleus differs from the double magic Pb?°8 by two neutron holes. Pryce 
(1952) was able to predict the level structure of this nucleus on the basis of the shell 
model and the experimentally determined levels in Pb?°? which is a single particle 
(hole) case. 

The levels in Pb?°* were studied by Alburger and Pryce (1954) in a detailed investi- 
gation of the decay of K-capturing Bi?°’. Energies, spins and parities were established 
for ten excited states. Two less certain levels were also indicated with probable assign- 
ments. These experiments consisted of intensity and energy measurements of con- 
version lines in a double focusing spectrometer and studies of electron-electron and 
electron-gamma coincidences. A 145 microsecond isomeric state was discovered. 
The suggested decay scheme includes 28 transitions and shows satisfactory agree- 
ment with the theoretical predictions. 

In some cases Alburger and Pryce could determine the multipolarities of the 
transitions from the K/L ratios of the observed conversion lines. From a scintillation 
spectrum, relative gamma ray intensities were estimated for a few cases, supporting 
the multipolarity assignments. Transition intensities were then deduced from the 
relative conversion line intensities and the theoretical conversion coefficients of 
Rose et al. (1951). In order to arrive at the best intensity balance Alburger and 
Pryce had to assume large #2 admixtures for some M1 transitions. The percentage 
of the £2 contributions varied in some cases between 20% and 50%. 

The careful measurements of Alburger and Pryce resulted in the construction of 
a very complex decay scheme for Pb°* which seems to be well founded. For certain 
reasons it was nevertheless considered profitable to make a more detailed investi- 
gation of the gamma ray intensities than had been done by Alburger and Pryce. 

Firstly, a scintillation spectrum, containing all the gamma rays found in Pb*®, 
can at most be used to ascertain that no very large deviations from the gamma ray 
intensities, as inferred from the conversion lines and the theoretical conversion coef- 
ficients, occur for the strongest transitions. No finer details can be expected from a 


resolution of 8-10°% in such a case. 
1 On leave of absence from the Institute of Nuclear Sciences “B. Kidrié”’, Belgrade, Yugoslavia. 
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Secondly, a thorough knowledge of the gamma ray intensities would give an im- 
portant check on the decay scheme. In particular, it should be noticed that multipo- 
larity determination on the basis of K/L ratios of conversion lines often fails for high 
energies and heavy nuclei. Here experimentally determined conversion coefficients 
would help very much. 

Thirdly, according to Hultberg and Novakov (1957) photoelectron lines can now 
be analyzed in a more general way than has been possible before. From the point 
of view of the method the compex decay of Pb?’ may serve the purpose of demonstrat- 
ing the possibilities of estimating gamma ray intensities from a careful study of 
photolines. 

As was done above, the following convention will be adopted throughout the text: 

Electron lines, arising from the internal conversion of gamma rays, will be called 
conversion lines. 

Electron lines, arising from the external conversion of gamma rays in thin foils, 
will be termed photolines. 


Experiments 


One of the difficulties with external conversion work is the requirement of rather 
large activities, often of the, order of 100 times that necessary for internal conversion. 
This fact may even limit the number of isotopes which can successfully be subjected 
to this kind of investigation. In the case of Bi sufficient activity could be produced 
by bombarding metallic lead with deuterons in the cylotron of the Nobel institute 
according to the reaction Pb?’ (d,2n) Bi2°*, In natural lead only 24% contributes to 
the formation of Bi?°*. In order to increase the yield, radiogenic lead was used because 
of its favourable isotopic constitution: 88% Pb, 9% Pb? and 3% Pb’, The 
energy of the bombarding deuterons was 16 MeV. Here, according to Alburger and 
Pryce, the production of longer-lived activities, e.g. Bi2, is practically eliminated. 
The irradiation lasted for 35 hours with an average deuteron beam of 50 microamps. 
After the bombardment a Pb layer 0.1-0.2 mm thick was scraped off. The dose rate 
from the lead activity was about. 1 r/hour at 75 cm before the beginning of the chemi- 
cal separation., 

Apart from the question of self-absorption inside the source, it is generally not ~ 
essential in external. conversion work that the source be particularly thin. Also, for 
the sake of saving activity, a simple chemical separation of the active Bi from the 
bulk of the inactive lead was considered satisfactory. The irradiated lead was dis- 
solved in hot nitric acid and the inactive lead precipitated as chloride. The Bi activity 
then remained in ‘the liquid phase and the precipitate was removed by centrifug- 
ing. Addition .of HCl and centrifugation were repeated several times. The volume — 
of the solution was then decreased to a few drops by gentle heating in a water 
bath. The Al source holder (Fig, 1) for the spectrometer was filled dropwise with the 
active solution with subsequent evaporation to dryness. The source was cylindrical 
with a radius of 2.5 mm and a thickness of 1 mm. The dose rate was about 1 r/hour 
at 50 cm after this preparation. ; 

The plane front side of the Al holder was covered with a circular uranium foil 
having a radius of 7mm and a surface thickness of 3.0 mg/cm’. Fig. 1 shows the 
experimental arrangement schematically. 55 

Because of the great importance of the converters in experiments of this type, 
something should, be said about their preparation and properties. 
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+ --- U converter, 3 mg/cm2 
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Fig. 1. Schematic view of ex- = OUpDOn ting aGOG 


perimental arrangement. Dot- 
ted line represents spectrometer 
axis. 


The painting technique of Glover and Borrell (1955) was used for preparing the 
uranium foils. It is advisable to prepare an area which is larger than the size needed, 
in order to avoid edge effects. 0.1 mm aluminium has proved to be a suitable backing. 
The painting solutions used were mixed from the proportions 


I II 
Urany] nitrate, mg 50 200 
Ethyl alcohol, ml 2.5 3 
4 % collodion, ml 10 3 
Acetone, ml 7.5 10 


Solution I is comparatively thin, giving for each painting 0.015 mg U per cm’, 
while solution II gave about 0.040 mg U per cm*. 

First of all the backing should be carefully cleaned. The painting can be done with 
an ordinary camel hair artist brush. When putting on a layer, enough solution should 
be spread over the surface so that the uranium salt can distribute uniformly over the 
whole area before the solvent has evaporated. The drying may require one or two 
minutes and may be speeded up by gentle heating. In order to convert the uranyl 
nitrate into uranium oxide, the foil is then heated to 500-550°C, preferably in a 
closed oven, for about 10 minutes. The temperature and the heating time in the 
oven proved to be very important for obtaining good uniformity. After taking the 
foil out of the oven it should be carefully polished with a piece of cloth in order to 
remove any loose particles from the surface. The next layer may then be painted, 
subsequently dried, heated in the oven and so on until the required surface thickness 
has been reached. By this procedure 5 uranium foils were prepared according to the 


following table: 


Foil no. Surface thickness, No. of layers Total area, cm? 


mg/cm? 
1 0.50 35 63 
2 1.01 70 63 
3 1.50 100 63 
4 2.00 123 63 
5 3.01 145 63 
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Fig. 2. Photometer curve showing the variation in the blackening of an X-ray film, placed in 
contact with a U foil. 


The thin uranium solution was used except for the last mg/cm? of foil no. 5, which 
was painted with the thicker solution. The surface thicknesses have been determined 
by weighing. It can be seen from the table that the amount of U put on for every 
layer is very constant and thus it was easy to obtain desired values of the thick- 
nesses. It is consequently felt that the quoted surface densities are quite accurate. 

In order to test the uniformity of the prepared U foils they were placed in direct 
contact with X-ray films, which were exposed to the alpha-activity in this way for 
periods ranging from 24 hours to about one week. After development the obtained 
blackenings were studied in a photometer. Fig. 2 shows a typical result. The mean 
variation in the homogeneity was found to be less than 2% over the whole foil areas. 
Using the photometer recordings small circular foils for use in external conversion 
work could be cut out having a homogeneity better than Lee 

The large double focusing spectrometer of 50 cm mean radius was used for the meas- 
urements. Care was taken to minimize the material necessary around the source in 
order to depress the inevitable Compton background. The Al holder with the activity 
was supported by a thin Al rod in such a way that the U foil held the ordinary source 
position in the spectrometer. Al-lined lead bricks were placed behind the spectrometer 
aperture to decrease the background. 

In all spectrometer work it is of prime importance that the ratio between the peak 
height of the recorded line and the background be as high as possible. An experiment 
showed that this ratio may be considerably increased by simply decreasing the 
distance between source and converter as far as possible. Fig. 3 illustrates a specific 
case where the major part of the photoline background arises from electron produc- 
tion and scattering in the spectrometer walls and to a negligible extent in the 
source holder and converter. This is obvious from the approximate constancy of the 
background curve over a large variation of the source—converter distance, which 
should be reduced as far as possible from other reasons as well (see below). An Al 
shielding having a thickness of 1.5 mm between source and converter was considered 
suitable for suppressing the conversion electrons sufficiently. 
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The spectrometer was run in the conventional manner, i.e. the magnet current 
was varied in only one direction. A single GM-counter with a thin mylar window was 
used. It was operated with a gas mixture of argon and propane. 

Four runs of the Pb? gamma ray spectrum were made. Of these the first served 
as a check on the more prominent lines for orientation purposes, and in the fourth 
run the smaller peaks were measured separately. Backgrounds without the uranium 
foil were not taken because (a) the activity available did not permit of such extended 
measurements and (b) the flat portions of every line were very carefully recorded on 
both sides of the peak, thus permitting of a safe interpolation of the background 
under the peak. 


Analysis of results 


Fig. 4 shows a complete set of recorded photolines. It can be seen that in most 
cases the lines are completely resolved. The widths of the photolines at half maximum 
varied from 0.8% to 0.4% of the abscissa for quantum energies in the region 800-2000 
keV, reflecting the variation in energy loss of the photoelectrons with energy. A 
constant resolution would have required the use of several foils with different thick- 
nesses. For the present experiments this was not considered necessary. 

For the energy calibration of the spectrometer, a curve similar to that of Fig. 3 
in the paper by Hultberg and Hedgran (1956) was constructed, giving Ho as a func- 
tion of the spectrometer variable Q. A period of 6.4 days, as quoted by Alburger 
and Pryce, was used for the decay corrections. As expected from the choice of 
the deuteron bombarding energy, no Bi? lines could be detected. 
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From the measured photolines, as shown in Fig. 4, the intensities of the correspond- 
ing gamma rays can be inferred. Following Deutsch, Elliott and Evans (1944), the 
gamma ray intensity can be written 


I=c,A,/t, (1) 


where c, is a spectrometer constant, A, the area of the recorded photoline and + 
the photoelectric cross-section. For a spectrum with several gamma rays l, 2, 3..., 
measured with c, constant, it is obvious that 


FES ERNE er = (A,/t),:(A,/7)5?(Ay/t)3 °°. (2) 


Knowing the variation of 7, relative gamma ray intensities can consequently be 


determined. 
For the internal conversion one can write in a similar manner 


P= Cp Az, (3) 


where A, is the recorded conversion line area, cz the spectrometer constant and P 
the electron intensity as emitted from the source. It follows that 


Py:Py: +++ = (Ag): (Age: +. (4) 


Division of Eq. (4) by Eg. (2) gives for the conversion coefficients ¢ 


poy Nae (2 (4 ) 
Oy Og 8 i ee | SET i eaee bi Gyre (5) 
i ; I, I, A, I A, 2 


Fixing one of the conversion coefficients, the rest can be obtained from Kq. (5). 

For the definition of symbols and terminology used in the following text pertaining 
to the mechanism of the photoelectric emission, the reader is referred to the paper by 
Hultberg (1955). 

According to the procedure described by Hultberg and Novakov (1957), appropiate 
values of the photoelectric cross-sections were obtained for the geometry of the 
experimental set-up. For three energies “dotted curves’’ of the type in Fig. 1 of the 
last-mentioned paper were integrated from 0° to 75°, the latter angle being the 
maximum angle of emission 3, for the photoelectrons recorded in the spectrometer. 


the order of 30°-50°, in which case this difference will be much larger. 
From Eq. (2) the relative gamma-ray intensities were computed, taking t from the 
lower curve of Fig. 5. To obtain conversion coefficients, Eq. (5) was used, substituting 
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Fig. 5. Comparison between theoretical total absorption cross-sections for the K-shell (upper 
curve) and the photoelectric cross-sections to be applied to the analysis of the Pb?°® photolines 
(lower curve). 


the relative K-conversion intensities of Alburger and Pryce for Ag. Concerning nor- 
malization, see below. 

Mean values of the relative gamma ray intensities and conversion coefficients thus 
found from the 4 runs are presented in Table 1 together with multipole assignments. 
For comparison the theoretical values of Sliv and Band (195) are also given. Our 
computed energy values agreed to within 0.3% with those of Alburger and Pryce 
and thus will not be presented. 

In this connection an interesting feature should be noticed. In a few cases the K 
photoelectron lines were not resolved but more or less mixed with L photolines. More- 
over, in the case of the 184 keV gamma ray only the L lines were observed due to 
recording difficulties. The conversion coefficients have nevertheless been computed 
even for these cases. Here the observation that the K/Z ratio for photoelectrons is 
essentially constant within a large energy range has been used (Heitler, 1954). Un- 
fortunately, accurate experimental values for this ratio are lacking; Heitler states 
only that about 80% of the photoelectric absorption takes place in the K-shell and 
it seems that nothing definite is known concerning the distribution of the remaining 
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Table 1. 
Gamma ray Gamma ray Experimental Sliv’s & ro 8 
energy ears conversion theoretica é Alvaro 
(keV) moc coefficient conv. coeff. Author’s Pives 
21 [1.05] 1.35 M1 M1 
ae 2.9 0.66 0.51 M1 M1 
314 3.0 0.046 0.057 #2 M1 
343 31 0.22 0.25 M1 M1 
398 13 0.14 0.17 M1 M1 (+ £2) 
497 18 0.08 0.091 M1 M1 (+ £2) 
516 50 0.043 0.049 E3 3 
537 47 0.047 0.075 (M1) M1+ M1 (+ £2) 
0.018 (#2) + H2 
621 4.0 0.073 0.052 M1 M1 (+ #2) 
632 4.5 0.050 0.050 M1 M1 (+ £2) 
657 5.3 0.016 0.012 #2 M1 (+ #2) 
740 3.6 0.0033 0.0036 #1 El 
754 2.7 0.0029 0.0035 Hl H2 
803 100 0.0090 0.0082 #2 #2 
880 72 0.0072 0.0065 H2 2 
895 21 0.017 0.020 M1 M1 (+ £2) 
1019 8.1 0.014 0.014 M1 M1 (+ #2) 
1099 12 0.0024 0.0018 El Hl 
1596 8.0 0.00073 0.00093 El. Fl 
1720 30 0.0010 0.00082 Hl El 


Se Os ie ee 


20% of the LZ, M, ... shells, except that the contributions decrease monotonically. 
However, the K- and L-lines were completely resolved for the 516 and the 880 keV 
energies and so two values of the K /L ratio were obtained (around 5,5), assuming 
the directional dependence of the L photoelectrons to be such that practically no 
electrons are emitted at angles larger than @,, (defined above by the experimental 
set-up). For energies above 600 keV this assumption seems to be in accordance 
with preliminary experiments on the directional dependence of L photoelec- 
trons carried out by Hultberg and Novakov (unpublished). Thus it was in 
two cases possible to deduce the magnitudes of the components of the 
compound peaks without making any specific assumptions about the actual line 
shapes. It is evident that in external conversion more results may be reached than 
the actual resolution would seem to permit. However, far too little is as yet known — 
about the angular dependence of L-shell photoelectrons and its energy variation to 
permit of a more extensive use. It is planned to continue the preliminary experi- 
ments already made on this problem in more detail. 

The conversion coefficient of the 184 keV transition has been bracketed because it 
is considered uncertain. The energy is far from the lowest calibration point at 411 keV 
of the photoelectric cross-section curve (Fig. 5) and only the L-line was recorded. 
Moreover, it is for the moment impossible to tell how good the constancy of the 
K/L ratio at such small energies is and, in addition, intensity loss due to self-absorp- 
tion inside the source becomes serious in this region. It is consequently impossible to 
give an accurate value of the gamma ray intensity for this line. Furthermore, according 
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Fig. 6. Comparison between Sliv’s and Band’s theoretical conversion coefficients (full lines) for 
Z = 82 and experimental values for Pb®® (figures indicate gamma ray energies in keV). 
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to Alburger and Pryce their K-intensity may be in error by as much as 30%. In 
spite of these unfavourable circumstances it is gratifying to note that the conversion 
coefficient computed for the 184 keV transition nevertheless agrees well with the 
earlier assignment of this transition (Alburger and Pryce, 1954), as this is one of the 
more certain cases (1/1). ' 

In Fig. 6 the values of Table 1 are, for convenience, put in diagrammatical form. 
As these experiments, together with the internal conversion measurements of Al- 
burger and Pryce, give only relative values of the conversion coefficients, a normalli- 
zation to the theoretical curves has to be made. For this purpose a transition with 
definitely known multipolarity may be taken. Here the 803 keV gamma ray to the 
ground state of Pb?°° would be the obvious choice. However, also the 880 keV ray 
from the third (4+) to the first (2+) excited levels and the isomeric 516 keV tran- 
sition seem to have firmly established characters as E1 and E3 transitions, respec- 
tively. In order to distribute the weights attached to individual measurements as 
much as possible the normalization was made so as to satisfy these three gamma rays 
about equally. 

No experimental errors have been indicated in Fig. 6, in the first place because 
no details about the uncertainties in the conversion intensities of Alburger and Pryce 
were known and secondly because the errors in the experimental photoelectric cross- 
sections have not yet been finally established. However, neglecting the errors in the 
conversion line intensities, the conversion coefficients obtained from the different 
runs agreed in most cases to within 15%. Another point in favour of the values 
presented is that the same instrument has been used for the two types of measure- 
ments, namely those of Alburger and Pryce and those described here. It is conse- 
quently felt that the errors in the presented gamma ray intensities and conversion 
coefficients need not exceed 15%, except for the 184 keV case, and it is believed that 
the accuracy of the method might well be increased to about 10 %, at least in favour- 
able cases. For the lowest energies (below 350 keV) there may be an additional un- 
certainty of a few per cent in the correction for self absorption in the source. 

The question about the intensity fidelity of the double focusing spectrometer has 
been studied in a general way by Bergkvist (1957). The results point to the conclusion 
that, even for the lowest electron energies in our experiments, the error in the instru- 
mental response is negligible. 


Discussion of results 


From an inspection of Fig. 6 it is evident that a considerable amount of information 
can be obtained regarding the multipolarities of the Pb20 transitions, even if, in some 
cases, complementary evidence is necessary for unambiguous assignments. For — 
seventeen of twenty observed gamma rays there is good agreement with the assign- 
ments of Alburger and Pryce. The three remaining cases are the 314, 657 and 754 keV 
gamma rays. 

The 314 keV transition occurs between the 1998 keV (4+) and the 1684 keV 
(4+) states and should therefore be an M1 transition. The conversion K /L ratio was 
not determined by Alburger and Pryce, probably because of the weakness of the 
L line. Our result would instead indicate an E2 transition. 

In the case of the 657 keV gamma ray, which depopulates the same 1998 keV 
level, the K/L ratio was found to be 5.4. The experimental error is rather large and 
the limits are about 6.5 and 4.2. Our conversion coefficient would indicate an E2 
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transition in this case also. The theoretical K/Z ratio for an electric quadrupole 
at the energy in question is 3.9 which is not too much outside the experimental error. 
However, in both of these cases the possibility of M1 + E2 witha strong #2 admixture 
cannot be excluded. 

The third transition of 754 keV goes from the 3280 keV (5—) level to the 2525 keV 
(3 —?) state. Our assignment would be £1 instead of £2. It is interesting to notice 
that the 2525 keV state is one of the two doubtful levels. 

_ It should perhaps be emphasized that the photolines from these three gamma 
rays were very weak and therefore no definite conclusions are possible. 

For the 537 keV gamma ray, going from the second (3 +) to the first (2-+) excited 
states, Alburger and Pryce had to assume an M1 + £2 mixture in the ratio 5 to 3 
in order to obtain a proper intensity balance in the decay scheme. From Fig. 6 in this 
paper the mixing ratio is found to be 1:1 which is in fair agreement with their re- 
quirement. Our conversion coefficient was here obtained from different runs which 
all showed good consistency. However, using the conversion coefficients of Sliv and 
Band the intensity balance of the term diagram is satisfactory within a few per cent, 
even if the 537 keV ray is a pure M1. This inconsistency is difficult to explain because 
both the conversion and the photoelectric intensities are carefully measured for this 
gamma ray. 

In conclusion, it is interesting to notice that the comparison of the experimental 
values with the theoretical conversion coefficients of Sliv and Band, who take into 
account the finite size of the nucleus, indicates that the M1 transitions are, even at 
fairly high energies, much more pure than was believed by Alburger and Pryce. 


Note added in proof: Very recently a new series of experiments has been performed at 
the Nobel Institute by one of the authors (S. H.) in cooperation with R. Stockendal. The pur- 
pose was the absolute determination of conversion coefficients by measuring external and 
internal conversion using the same source (or two identically prepared sources with known 
relative strengths). Such experiments were carried out on Cs-137 and Pb-205, 206. The 
preliminary results seem to be satisfactory. Particular attention was paid to the above men- 
tioned 537 keV transition in Pb-206 with the hope of resolving the observed inconsistency 
discussed above. Details of these experiments will be published later in Arkiv fér fysik: 

S. Hultberg and R. Stockendal on Cs-137 and R. Stockendal and 8. Hultberg on Pb-205, 
206. 


SUMMARY 


Relative intensities of 20 gamma rays following the decay of Bi2°* have been determined from a 
beta-spectrometric study of photoelectrons ejected in a 3 mg/cm? uranium converter. The instru- 
mental resolution was 0.4 % at high energies. A new method of analysis of the recorded photolines 
has been applied. Together with the earlier measurements of the internal conversion by Alburger 
and Pryce, the gamma ray intensities found permitted a determination of relative conversion 
coefficients with an accuracy of about 15 %. In most cases the earlier multipolarity assignments 


were confirmed. 
ACKNOWLEDGEMENTS 


One of the authors (T. N.) would like to express his gratitude to prof. Manne Siegbahn, Head 
of the Nobel Institute, for the hospitality shown to him during his stay at the Institute. He 
would also like to take the opportunity to acknowledge the scholarship obtained from the In- 
stitute of Nuclear Sciences “B. Kidrié”, Belgrade, Yugoslavia. 


Nobel Institute of Physics, Stockholm 50, Sweden. 


127 


T. NOVAKOV ET AL., The gamma rays of Pb? from the decay of Bi? 


REFERENCES 


D. E. AtpurcER and M. H. L. Pryce, Energy levels in Pb? from the decay of Bi?*, Phys. 
Rev. 95, 1482 (1954). 

K.-E. Berexvist, On relative intensity measurements with a two-directional focusing /-spectro- 
meter with energy-depending window curve. Arkiv for Fysik 12, 381 (1957). 

M. Dervtscu, L. G. Exxiorr and R. D. Evans, Theory, design and application of a short magnetic 
lens electron spectrometer. Rev. Sci. Instr. 15, 178 (1944). 

K. M. Grover and P. Borretx, A method for the preparation of thin films of plutonium and 
uranium. J. Nuclear Energy 1, 214 (1955). 

W. HITLER, The Quantum Theory of Radiation, 3rd ed. Oxford, 1954, p. 211. 

S. Hutrsere, An investigation of the longitudinal angular distribution of photoelectrons at 
gamma ray energies of 0.41, 0.66 and 1.33 MeV. Arkiv for Fysik 9, 245 (1955). 

S. HuttBerRG and A. HepGRAN, Measurements of the gamma radiations from Br®2 by the method 
of external conversion. Arkiv for Fysik 11, 369 (1956). 

8. Huttsere and T. NovaKkov, The longitudinal angular dependence of the photoelectric effect 
and its influence on the determination of gamma ray intensities. Nuclear Physics 4, 120 
(1957). 

K. O. Niztsen, O. B. NIELSEN and M. A. Waaconer, Internal conversion coefficients for M1 
transitions in Bi?!4, Po?!4 and Bi?!2, Nuclear Physics 2, 476 (1956). 

M. H. L. Pryce, A theoretical attempt to predict the excited states of nuclei in the neighbourhood 
of Pb?°8, Proc. Phys. Soc. 465, 773 (1952). 

M. E. Rosz, G. H. Gorrrzet and B. J. SPINRAD, The internal conversion coefficients, I: The 
K-shell. Phys. Rev. 83, 79 (1951). 

L. Stiv and J. Bann, Tables of Internal Conversion Coefficients of Gamma Rays. Publ. by the 
Academy of Sciences of the USSR, Moscow-Leningrad, 1956. 

A. H. Wapstra and G. J. Nau, Indications for a strong influence of the nuclear size on magnetic 
dipole conversion coefficients. Nuclear Physics 1, 245 (1956). 


Tryckt den 30 januari 1958 


Uppsala 1958, Almqvist & Wiksells Boktryckeri AB 


i 4 
/ \ a = al! ; y 
2-day es: hei” a oon } pres i 
4000, Be eo Um eet i ee ro SoH 
| # — — 
‘ ay tate t ae 
| a a K 497 K516 
= ee ie K 343 K 398 
= syage > ries K31% 
2000 K263 
1000 
420 440 460 480 500 520 540 560 580 600 590 600 610 620 630 640 650 660 670 680 690 700 =710 720° 730 AOS 750 760 770 ‘780 790 800 810 820 830 840 850 960 870 880 
counts, 
min 
6000 | 
5000 | A 
4000 . x05 } ty 
Ty x05 il \ 
3000 tt —— 4 ? \ 
os i f \ i . 
g 05 
ae an eres re a { é oh, a: 
eee en oe ‘ 
i K 740 K 754 j {—I—}—__.}-+ Ki Hee , ~ 
f jt Hy 
| f tt j}—4 ji, i 
1000 k {303 L 803 
ae ee L880 K 1019 
1160 1170 1180 111909 1200 1210 1220 1230 1240 1250 1260 1270 | 1280 1290 1300 1310 1320 1330 1340 1350 1360 1370 1380 1390 400 1410 1420 1480 1490 1500 1510 1520 1530 1540 1550 1560 1570 1580 1590 


Fig. 4. A recording of the photolines arising in a 3 mg/em? U foil by the action 
pi op acer gamma rays. The indication x 0.5 means that the observed counting rate will be ob- 
‘ tained by multiplication with 0.5. 
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